Prepubertal exposure to an oestrogenic mycotoxin zearalenone induces central precocious puberty in immature female rats through the mechanism of premature activation of hypothalamic kisspeptin-GPR54 signaling.
Sporadic epidemics and several researches in rodents indicated that zearalenone (ZEA) and its metabolites, the prevailing oestrogenic mycotoxins in foodstuffs, were a triggering factor for true precocious puberty development in girls. Nevertheless, the neuroendocrine mechanism through which ZEA mycoestrogens advance puberty onset is not fully understood. To elucidate this issue, hypothalamic kisspeptin-G-protein coupled receptor-54 (GPR54) signaling pathway that regulates the onset of puberty was focused on in the present study. Immature female SD rats were given a daily intragastric administration of corn oil (vehicle control), 50 μg/kg body weight (bw) of 17β-estradiol (E2, positive control), and 3 doses (0.2, 1 and 5 mg/kg bw) of ZEA for consecutive 5 days starting from postnatal day 15, respectively. Puberty onset was evaluated by detecting the physiological and hormonal responses, and hypothalamic kisspeptin-GPR54 pathway was determined to reveal the neuroendocrine mechanism. As the markers of puberty onset, vaginal opening was significantly accelerated and uterine weight was increased in both E2 and 5 mg/kg ZEA groups. Serum levels of follicle stimulating hormone, luteinizing hormone and estradiol were also markedly elevated by E2 and 5 mg/kg ZEA, which is compatible with the changes in peripheral reproductive organs. The mRNA and protein expressions of hypothalamic gonadotropin-releasing hormone (GnRH) were both obviously elevated by E2 and 5 mg/kg ZEA. GnRH expression changes occurred in parallel with increased expressions of hypothalamic Kiss1 and its receptor GPR54 at both mRNA and protein levels. Most of these changes were also noted in 1 mg/kg ZEA group, but none in 0.2 mg/kg group. Therefore, within the context of this study, the No Observed Adverse Effect Level (NOAEL) for ZEA in terms of oestrogenic activity and puberty-promoting effect in immature female rats was considered to be 0.2 mg/kg bw per day, and the Lowest Observed Adverse Effect Level (LOAEL) was 1 mg/kg bw per day. In conclusion, prepubertal exposure to dietary relevant levels of ZEA induced central precocious puberty in female rats by premature activation of hypothalamic kisspeptin-GPR54-GnRH signaling pathway, followed by the stimulation of gonadotropins release at an earlier age, resulting in the advancement of vaginal opening and enlargement of uterus at periphery.